Abstract. We present a new model for the tectonic evolution of the Tasman Sea based on dense satellite altimetry data and a new shipboard data set. We utilized a combined set of revised magnetic anomaly and fracture zone interpretations to calculate relative motions and their uncertainties between the Australian and the Lord Howe Rise plates from 73.6 Ma to 52 Ma when spreading ceased. From chron 31 (67.7 Ma) to chron 29 (64.0 Ma) the model implies transpression between the Chesterfield and the Marion plateaus, followed by strike-slip motion. This transpression may have been responsible for the formation of the Capricorn Basin south of the Marion Plateau. Another major tectonic event took place at chron 27 (61.2 Ma), when a counterclockwise change in spreading direction occurred, contemporaneous with a similar event in the southwest Pacific Ocean. The early opening of the Tasman Sea cannot be modeled by a simple two-plate system because (1) rifting in this basin propagated from south to north in several stages and (2) several rifts failed. We identified 13 continental blocks which acted as microplates between 90 Ma and 64 Ma. Our model is constrained by tectonic lineaments visible in the gravity anomaly grid and interpreted as strike-slip faults, by magnetic anomaly, bathymetry and seismic data, and in case of the South Tasman Rise, by the age and affinity of dredged rocks. By combining all this information we derived finite rotations that describe the dispersal of these tectonic elements during the early opening of the Tasman Sea.
or only the older ends [Rollet, 1994] . Anomalies on the western flank lie farther from the ridge than corresponding anomalies on the eastern flank. Asymmetry in crustal accretion occurred especially between chron 270 and chron 33y. This observation is mostly based on magnetic data from the central Tasman Sea, where we were able to identify a considerable number of magnetic anomalies. However, a detailed discussion of spreading asymmetry is beyond the scope of this paper. Tasman Sea fulfilled our requirements to be included in the inversion: namely, it shows a medium offset (about 120 km), appears to follow a flow line, and its location is constrained by magnetic anomaly data on both sides as well as by satellite gravity data.
The location of fracture zones depends on the type of the ocean floor spreading regime. Large offset Pacific fracture zones (i.e., a fast spreading regime) exhibit a depth/age step (the old side is lower due to the depth-age relationship of oceanic lithosphere) [Sandwell and Shubert, 1982 The selected fracture zone limb displays the same pattern as the other fracture zone in the Tasman Sea (i.e., a change in spreading direction shortly before the ridge became extinct; Figure 3 ). As the morphology of this fracture zone resembles the Atlantic type (a central valley bounded by a high wall on the older side), we used the troughs in the gravity anomaly as the actual location of the fracture zone.
To better constrain reconstructions for chrons 25y and 240, which imply a change in the direction of spreading, we included additional points from other relevant fracture zone segments.
Method
The new magnetic anomaly picks and fracture zone traces digitized from satellite data have been combined to calculate new finite rotations and their 95% uncertainty confidence regions for the opening of the Tasman Sea. They have been computed using an inversion method based on Hellinger's [1981] criterion of fit, developed by Royer and Chang [ 1991 ] . In this method both magnetic and fracture zone data are regarded as points on two conjugate isochrons consisting of great circle segments. The best fit reconstruction is derived from minimizing the sum of the misfits of conjugate sets of magnetic anomaly and fracture zone data points with respect to individual great circle segments.
Since the quality of the determination of the best fitting rotations and their uncertainties depends on the errors assigned to the inverted data, we carried out an analysis of data dispersion. For assigning navigation uncertainties to the ship data, we faced a choice of either estimating navigation error through time since the 1960s, based on changing navigation methods in the last 30 years (Rollet's [1994] approach) or rather assuming that the navigation error is roughly similar for all data we have used. The latter approach was adopted in a detailed analysis by in the Indian Ocean. To investigate whether navigation errors do vary substantially resulting from different navigation methods, Royer et al.
[1997] divided magnetic data into four categories based on the quality of the navigation: the A category included data since 1985 (based on Global Positioning System (GPS) navigation), the B category included data from 1980 to 1985 (based on GPS and Transit satellites navigation), the C category included data from the 1970s which relied mainly on Transit satellite navigation and the D category included pre-1970 cruises without satellite navigation. Their expectation was that the navigational errors should increase for older data. Because the number of data points in individual categories was not large enough to be inverted separately, they combined two or three groups of data for their dispersion analysis. Their results surprisingly show that navigational uncertainties for data included in categories A, B, and C differ by a small amount only, ranging from 3.0 km for the new data to 3.9 km for the older data. The D data were assigned an uncertainty of 5.2 km. It is important to point out, however, that uncertainties resulting from this analysis of dispersion do not strictly reflect navigational errors alone but rather reflect a sum of uncertainties in navigation and in locating the magnetometer with respect to the ship and in identifying the magnetic anomalies. If the sum of these errors were dominated by navigation errors, then magnetic anomaly identifications from GPS navigated cruises would be expected to show errors in the range from 0.2 to 1 km, rather than 3.0 km, as found by Royer et al. [1997] . The discrepancy likely reflects uncertainties in locating the magnetometer with respect to the GPS antenna, which is usually towed 300-400 m behind the vessel, as well as uncertainties in locating magnetic reversals along track, which are never substantially below 2-3 km. The implication is that recently acquired magnetic data cannot be located as accurately as expected from assessing the quality of the GPS navigation system alone, and the navigation quality of ship data from the 1960s may be better in some areas than expected from technical arguments. Because of fewer data in the Tasman Sea compared to the central Indian Ocean, we could not compute rotations from such subsets of data. Instead, we calculated the best fitting rotations using all data (magnetic data and fracture zones) and then applied these rotations to the magnetic crossings only in order to assess their dispersion. We assigned an initial uncertainty of 7 km to all magnetic anomaly crossings. This was done for each of the nine sets of magnetic anomaly data corresponding to chrons 24-32, and a quality factor t• was determined for each chron. The quality factor •' relates the uncertainties assigned to the data (6') to their true estimates (0'), t•=(•'/o') 2. Parameters are r is total misfit, •' is estimated quality factor, dF is number of degrees of freedom, N is number of data points, s is number of great circle segments. We assigned CY =5 km for the magnetic and fracture zone crossings. The uncertainties in the finite rotations are described by covariance matrices, here computed in a reference frame fixed to the Australian plate. Starting with the fit reconstruction a (rotations for Australia and Antarctica derived from model (1)) and incorporating geological and geophysical observations discussed earlier in this paper for times between 90 Ma and 83 Ma and finite rotations for younger chrons (33y-24o), we derived additional reconstructions using the PLATES software (Table 3) [Wood, 1993] , and its axis corresponds to the NNE alignment visible on the gravity map ( Figure 6 ) and detected on seismic profiles to the north of the Challenger Plateau. This evidence led us to presume that the opening of the Bellona 
Conclusions
We present a new, comprehensive model for the opening of the Tasman Sea, based on a new gravity anomaly grid, an improved magnetic data set and other geophysical data. We have combined a qualitative model for the early, prechron 3 3 y opening of the Tasman Sea based on all available geophysical and geological data with a quantitative model for the postchron 33y opening of the Tasman Sea from inverting magnetic anomaly and fracture zone data to obtain finite rotations and their uncertainties.
The early opening of the Tasman Sea cannot by modeled b y a simple two-plate system, because rifting propagated northward in several stages, creating several failed rifts and strike-slip faults. We identified 13 tectonic units, based on tectonic lineaments visible in the gravity grid and interpreted as strike-slip faults, by magnetic anomaly, bathymetry, and seismic data, and, as in case of the South Tasman Rise, by the age and affinity of dredged rocks. These 13 tectonic blocks and the Australian continent gradually separated due to either extensional or strike-slip movements, generating the Tasman Sea, the Lord Howe and the Middleton basins, and several failed rifts. We suggest that strike-slip motion occurred between the northern and the middle Lord Howe Rise along a fault visible on the gravity grid and seismic reflection data. We also considered the Challenger Plateau as a separate microplate, 
